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Description 

The present invention relates to a hydroiyzable resin composition. More specifically, the invention 
concerns a hydroiyzable resin composition based on the resin having at least one side chain bearing a 

s particular metal containing terminal group. The invention also concerns an antifouling coating composition 
containing said hydroiyzable resin composition as a resinous vehicle. 

Today, it is a very common to apply onto ship's bottom an antifouling coating composition comprising 
an organic or inorganic antifouling agent and a resinous binder as vinyl resin, alkyd resin. In that case, since 
the antifouling effect is fully dependent on the antifouling agent dissolved out of the coating and the 

10 dissolution of said agent is primarily a diffusion phenomenon caused by a concentration gradient of said 
agent in the coating, it is unable to expect a long lasting, stable antifouling effect with them. Further more, 
since the water insoluble resinous component will, after dissolution of said agent from the coating, form a 
skeleton structure, there are additional problems as increase in resistance of friction between the ship 
surface and water, lowering of sailing speed, increase in sailing fuel. Under the circumstances, an 

75 antifouling coating composition comprising an antifouling agent and a hydroiyzable resin vehicle capable of 
forming a comparatively tough coating and being gradually decomposed by hydrolysis in sea water has 
become the center of public attention. 

The present inventors had already found that a class of polyester resins having a number of metal-ester 
bondings in their polyester backbone chains are useful as a resinous vehicle in a polishing type antifouling 

20 paint and applied for patent as Japanese Patent Application Nos. 165922/81 and 196900/83. 

Such resins are of the nature of being easily hydrolyzed, under weak alkaline condition as in sea water, 
at the metal-ester bonding portions, disintegrated to a number of small, low molecular weight segments and 
dissolved in sea water. However, said resins are primarily of comparatively low molecular weight (e.g. upto 
about 2000) and are poor in film-forming property, and therefore, said coating compositions still have the 

25 problems of easy occurence of cracks and peeling of the formed coatings. 

If the molecular weight of said polyester resin is increased to a moderate level, It is indeed possible to 
improve the film-forming property, but, at that time, it will necessarily be attended with a marked decrease 
in hydrolysis property of the resin. To compensate the same, if the metal-ester bonding in the backbone 
chain of the resin is increased in number, there will give additional problems that the resulted resin is only 

30 soluble in a polar solvent and not in most solvents commonly used in a coating composition, and that the 
formed coating is swollen with sea water. These attemps would therefore, give no fruitful results, and thus, 
there leaves much to be desired. An attempt has also been made to use a resin whose side chain has a 
trialkyl tin ester portion as a terminal group. In this type of resin, polarity of the resin is gradually increased 
in proportion to the progress in hydrolysis of said ester portion, and the resin is finally dissolved in sea 

35 water. 

Typical examples of such resins are acrylic resins having as a constitutional element tri organo tin salts 
of a.jS-unsaturated basic acids. In this case, in order to obtain a stabilized, tough coating, the resin should 
preferably be free from hydrophilic goups if circumstances allow, and in order to ensure the dissolution of 
the hydrolyzed resin in sea water, the resin should preferably have as many hydrophilic goups as possible, 
40 i.e. more than a certain critical range, after said hydrolysis. 

Therefore, in the preparation of such resin by the copolymerization of tri organo tin salt of a,/S- 
unsaturated basic acid and other acrylic vinyl monomers, attempts have been made such that the former is 
presented in a higher concentration in the reaction system and the latter is selected from the members with 
no or least amount of hydrophilic groups. Thus, a copolymer of acryiate, acrylamide, styrene containing 55 
45 to 70 wt% of tri organo tin salt of a,0-unsaturated monobasic acid has been prepared and practically used. 

In this type of resin, differing from the aforesaid polyester resin having metal-ester bondings in its main 
chain, hydrophilic carboxyl goups are generated at the time when the tri organo tin portions at the side 
chains are released through hydrolysis and the resin is only dissolved in sea water at the stage where the 
concentration of said carboxyl groups get to a certain critical point. The film-forming property of the resin is 
so also excellent. However, there includes a problem that a considerable quantity of highly expense and toxic 
organo tin compound are essential. Therefore, from both hygienic and economic point of view, it has, been 
longed for cuting the amount of obviating the use of such material. 

Attention is also drawn to FR-A-2307857, which teaches the use of polyacrylic acid derivatives as anti- 
fouling coatings in the nautical field. 
55 A principal object of the present invention is, therefore, to provide a novel typ of hydroiyzable resin 
composition which has an excellent film-forming property and whose resin is characterized by having at the 
side chain portions a particular group capable of resulting a hydrophilic group through hydrolysis, being 
hydrolyzed and dissolved in sea water at an appropriate rate, and being prepared without the necessity of 
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using a tri organo tin compound which is expensive and toxic material. 

An additional object is to provide an antifouling coating composition based on said novel resin 
composition. According to the present invention, the aforesaid objects are attained by providing a 
hydrolyzable resin composition consisting essentially of a resin having at least one side chain bearing at 
5 least one terminal group of the formula: 

-XfO-M-Rk 

wherein 
70 X represnets 
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M is a metal selected from zinc, copper and tellurium; 
20 x is an integer of 1 to 2; R represents an organic acid residue selected from 

SOS o 

II II H H 

-S-C-R, , -O-C-Rw -O-OR., , -O-R, , -S-R. or -O-S-R, ; and 

25 1 1 X X A II 

O 



Ri is a monovalent organic residue, 
30 and an organic solvent in which said resin is soluble, and a coating composition containing as a 

resin vehicle said hydrolyzable resin composition. 
The novel hydrolyzable resin composition of this invention is characterized by comprising a resin which 
has at least one side chain bearing at least one terminal group of the aforesaid formula. 

Such resin may be easily and advantageously prepared by either one of the following methods: 
35 a method wherein a polymerizable unsaturated monomer having the desired organic acid metal ester bond 
at an end portion is first prepared and copolymerized with other polymerizable unsaturated monomer(s); 
a method wherein a resin obtained by the copolymerization of a polymerizable unsaturated organic acid 
monomer with other polymerizable unsaturated monomer(s) is reacted with a monovalent organic acid and a 
metal oxide, chloride or hydroxide or is subjected to an ester exchange reaction with a monovalent 
40 carboxylic acid metal ester. 

More specifically, the present resin composition may be prepared by either one of the following 
methods. 

(1 ) A mixture of 

(a) a metal oxide, hydroxide, sulfide or chloride, 
45 (b) a monovalent organic acid or its alkali metal salt, 

and 

(c) a polymerizable unsaturated organic acid or its alkali metal salt 
is heated under stirring at a temperature lower than the decomposition temperature of the desired metal 
ester product, and the by-produced substances as alkali metal chloride, water, monovalent organic acid 
so metal ester; bifunctional polymerizable unsaturated organic acid metal salt are removed to obtain a 
purified metal ester between the polymerizable unsaturated organic acid and the monovalent organic 
acid. In the abovesaid reaction, it is not always necessary to use stoichiometric amounts of (a), (b) and 
(c) and one may use, in terms of equivalent ratio, (a) : (b) : (c) = 1 : 0.8-3 : 0.8-2 to obtain the desired 
product. 

55 Thus obtained metal ester between the polymerizable unsaturated organic acid and the monovalent 

organic acid or the mixture of said metal ester and the monovalent organic metal ester is then subjected 
to a homopolymerization or a copolymerization with other copolymerizable monomer(s) to give the 
desired resin having at least one side chain bearing at least one metal ester containing terminal group. 



3 



EP 0 204 456 B1 



(2) Alternatively, a mixture of 

(d) a resin having at a side chain an organic acid or its alkali metal salt, 

(e) a metal oxide, hydroxde, sulfide or chloride, and 

(f) a monovalent organic acid 

5 is heated under stirring at a temperature lower than the decomposition temperature of the desired metal 
ester containing resin, and the by-produced substances are removed, if desired, to obtain a resin having 
at least one side chain bearing the desired metal ester terminal group. As the ratio of these materials in 
this reaction, it is preferred to use, in terms of equivalent ratio, (d) : (e) : (f) 55 1 ; 0.8-1 .5 : 0.8-2 and 
more preferably 1 : 1.0-1.2 : 1.0-1.5. 

io When a low boiling monovalent organic acid is selected and the reaction is accompanied by a 

dehydration, there is a fear that the monovalent organic acid is distilled off together with water out of the 
system and a metal bonding is occured beteen the resins, therby causing the increase in viscosity and 
gelation of the product, and therefore, it is preferred to use a higher amount of (f) than the abovesaid 
range. 

75 (3) Alternatively, the desired product may be prepared by reacting a resin having at a side chain an 
organic acid (g) and a monovalent organic acid metal ester (h) at a temperature of not higher than the 
decomposition temperature of the desired product, thereby effecting an ester exchange reaction between 
the materials used. 

In this reaction, when the selected monovalent organic aicd is of low boiling nature (as, for example, 
20 acetic acid), there is a fear that a metal ester bonding is liable to be occured between the resins and 
therefore, the reaction should be carefully controlled and proceeded with. Usually, the material (h) is 
used in an amount of 0.3 to 3 equivalent, more preferably 0.4 to 2.5 equivalent, per equivalent of organic 
acid in resin (g). 

In the aforesaid methods, as the polymerizable unsaturated organic acid (c), the following may be 
25 advantageously used each separately or in combination of two and more of them: methacrylic acid, acrylic 
acid, p-styrene sulfonic acid, 2-methyl-2-acrylamide propane sulfonic acid, methacryl acid phosphoxy 
propyl, methacryl 3-chloro-2-acid phosphoxy propyl, methacryl acid phosphoxy ethyl, itaconic acid, maleic 
acid, maleic anhydride, monoalkyl itaconate (e.g. methyl, ethyl, butyl, 2-ethyl hexyl, monalkyl maleate (e.g. 
methyl, ethyl, butyl, 2-ethyl hexyl; half-ester of acid anhydride with hydroxyl containing polymerizable 
30 unsaturated monomer (e.g. half-ester of succinic anhydride, maleic anhydride or phthalic anhydride with 2- 
hydroxy ethyl (meth) aery late. 

As the monovalent organic acid (b), any of aliphatic, aromatic, alicyciic or heterocyclic organic acids 
may be advantageously used. Typical Examples of such acids are as follows: 

acetic acid, propionic acid, levulinic acid benzoic acid, salicylic acid, lactic acid, 3, 5-dichloro benzoic acid, 

35 lauric acid, stearic acid, nitrobenzoic acid, linolenic acid, ricinoleic acid, 12-hydroxy stearic acid, fluoroacetic 
acid, pulvinic acid, abietic acid, mercaptobenzothiazole, o-cresotic acid, naphthol-1-carboxylic acid, p-phenyl 
benzene sulfonic acid, p-oxybenzoic acid, chloroacetic acid, dichloroacetic acid, naphthenic acid, jS- 
naphthalene sulfonic acid, naphthol-1 -sulfonic acid, 5-chloro- a.a-bis (3 ,5-dichIoro-2-hydroxy phenyl) toluene 
sulfonic acid, p-phenyl benzoic acid, p-toluene sulfonic acid, p-benzene chlorosulfonic acid, dimethyl dithio 

40 carbamic acid, diethyl dithio carbamic acid, dibutyl dithiocarbamic acid, lithocholic acid, phenoxy acetic 
acid, 2,4-dichlorophenoxy acetic acid, pivalic acid, valeric acid, various synthetic fatty acids. 

In the present invention, as the organic acid capable of being hydrolyzed to release the antifouling 
metallic ions from their bound form, any of the abovementioned acids may be satisfactorily used. However, 
if desired, the organic acid per se may also be participated in the antifouling effect and at that time, 

45 selection is made of a monovalent organic acid having an antifouling property. Such acid may be easily 
found out from various organic acids customarily used as agricultural agents, medicins, repellents, 
fungicides, bactericides, preservatives, by conducting a simple test wherein a sample amount of acid is 
placed in a cavity of test plate, the test plate is covered with a wire net and dipped in sea water for a 
defined period of time and thereafter, adhesion of marine livings on the wire net is examined. It would be 

so quite easy for those skilled in the art to find out an appropriate acid by the aforesaid test. 
More specifically, the followings are advantageously used for this end. 
(D 

s 

-O-C- 
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bearing compounds: 

aliphatic acid as levulinic acid; alicyclic acids as naphthenic acid chaulmoogric acid, hydnocarpusic acid, 
neo abietic acid, levo pimaric acid, palustric acid, 2-methyl-bicycio- 2,2,1 - heptane-2-carboxylic acid; 
aromatic carboxylic acids as salicylic acid, cresotic acid, a-naphthoic acid, ^-naphthoic acid, p-oxy 
benzoic acid; halogen containing aliphatic acids as monochloro acetic acid, 

monofluoro acetic acid; halogen containing aromatic acids as 2,4,5-trichloro phenoxy acetic acid, 2,4- 
dichloro phenoxy acetic acid, 3,5-dichloro benzoic acid; organo nitrogen containing acids as quinoline 
carboxylic acid, nitro benzoic acid, dinitro benzoic acid, nitronaphthalene carboxylic acid; lactone series 
carboxylic acids as pulvinic acid, vulpinic acid; uracil derivatives as uracil-4-carboxylic acid, 5-fluoro 
uracil-4-carboxylic acid, uracil-5-carboxylic acid; penicillin structure bearing carboxylic acids as penicillin 
V, ampicillin, penicillin BT, penicillanic acid, penicillin G, penicillin O; Rifamycin B, Lucensomycin, 
Salcomycin, chloramphenicol, variotin, Trypacidine; and various synthetic fatty acids. 

An alcoholic hydroxy containing antiofouling agent may be reacted with an acid anhydride (e.g. 
succinic anhydride, maleic anhydride, phthalic anhydride, tetrahydrophthaiic anhydride to obtain the 
corresponding harvester and used as a monovalent organic acid having an antifouting property. 

Examples of such hydroxy containing antifouling agents are testosterone, uridine, thymidine, L- 
menthol, cinnamic alcohol, citronellol, geraniol, 0-phenyl ethyl alcohol, benzyl alcohol, maltol. Linalool. 
dimethyl benzyl carbinol, Rosinol. 
(2) 

i 

-S-C- 



bearing compounds: 

dimethyl dithiocarbamate and other dithiocarbamates 
(3) 



O 

II 

-o-s- 



s 



bearing compounds: 

sulfur containing aromatic compounds as 1-naphthol-4-sulfonic acid, p-phenyl benzene sulfonic acid, /}■ 
naphthalene sulfonic acid, quinoline sulfonic acid 



0 f, 
U II 

-O-P- or -O-P- 

1 1 

containing compounds: 

various organophosphorous compounds as triethyl pyrophosphoric acid, dimethyl amino phosphate (5) 
-S- bearing compounds: 
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bearing compounds 
(6) 

S 
II 

-O-C- 

bearing compounds: 
10 various tricarboxylic acids 
(7) -O- bearing compounds: 

phenol, cresol, xylenol, thymol, carvacol, eugenol, isoeugenol, phenyl phenol, benzyl phenol, guajacol, 
butyl stilbene, (di) nitro phenol, nitro cresol, methyl salicylate, benzyl salicylate, mono-, di-, trk tetra- and 
penta-chlorophenol, chlorocresol, chloroxylenol, chlorothymol, p-chloro-o-cyclo-hexyl phenol, p-chloro-o- 
75 cyclopentyl phenol, p-chloro-o-n-hexyl phenol, p-chloro-o-benzyl phenol, p-chloro-o-benzyl-m-cresol and 
other phenols; 0-naphthol, 8-hydroxy quinoline. 
By the selection of such acid, an organic acid residue of the formula: 



20 



25 



30 



SOS o 

II li II II 

-S-C-R^ -0-C-R 1/ -0-C-R 1 , -0-R 1/ -S-R x or -0-S-R x 

O 

may be freely and successfully incorporated, in the form of metal ester, into a side chain of a resin, as a 
terminal group. 

As already stated, said Ri may be any kind of monovalent organic residues, and however, the inventors 
have also found that when said Ri is a group of the formula: 



— C— Ro $ ~Rr ~"C— R t 

I I 

R 3 R 3 

-Rs-Rg or -Rg in which R2 is hydrogen or a hydrocarbon residue having 1 to 12 carbon atoms, and R3 and 
40 R4. each represents a hydrocarbon residue having 1 to 1 2 carbon atoms Rs is a hydrocarbon residue having 

1 to 4 carbon atoms and Rg is a cyclic hydrocarbon having 5 to 12 carbon atoms, there is a surprising 

effect such that it will cause a decrease in glass transition temperature of the produced resin, which in turn 

produces a plasticizing effect of the resin. 

In consequence, there results an increase in film strength and a marked improvement in crack 
45 resistance of the formed film. It is also of advantage to the film-forming property of the resin. Therefore, 

such acids are highly recommended as a monovalent organic acid. 

Na metals (e.g. Sn, Pb, Si), Via metals (e.g. Se), Vlb metals (e.g. Cr, Mo), Vllb metals (e.g. Mn), and VIII 

metals (e.g. Fe, Co, Ni) may be used together with said particular metal(s). However, the present invention 

is characterized by using at least one of zinc, copper and tellurium as metal component, which are lower in 
so an ionization tendency than an alkali metal. These metals are generally used in the form of oxide, hydroxide 

or chloride, but may be used in other forms, as halogenide other than chloride, nitrate, sulfate, carbonate if 

desired. 

In an ester exchange reaction, if desired, the following tin compounds may be also used together with 
the aforesaid metal salts of organic acids: 
55 dibutyl tin laurate, dibutyl tin stearate, dioctyl tin laurate, dioctyl tin stearate. 

As the aforesaid other polymerizable unsaturated monomers, any of the known monomers customarily 
used in the preparation of acrylic or vinyl resins may be successfully used. Examples of such monomers 
are methyl acrylate, methyl methacrylate, ethyl aery late, ethyl methacrylate, propyl acrylate, propyl 
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methacrylate, butyl acrylate. butyl methacrylate, octyl acrylate, octyl methacrylate, 2-ethyl hexyl acrylate, 2- 
ethyl hexyl methacrylate, styrene, vinyl toluene, vinyl pyridine, vinyl pyrolidone, vinyl acetate, acrylonitrile, 
methacrylo nitrile, dimethyl itaconate, dibutyl itaconate, di-2-ethyl hexyl itaconate, dimethyl maleate, di (2- 
ethyl hexyl) maleate, ethylene, propyrene, vinyl chloride. If desired, hydroxy containing monomers as, for 

5 example, 2-hydroxy ethyl acrylate, 2-hydroxy ethyl methacrylate, 2-hydroxy propyl acrylate, 2-hydroxy 
propyl methacrylate may also be used. 

As the resins (d) and (g) which have an organic acid group at a side chain, mention is made of organic 
acid bearing vinyl resins, polyester resins, oil modified alkyd resins, fatty acid modified alkyd resins, epoxy 
resins. In the present resin having at a side chain the aforesaid terminal group of monovalent organic acid 

io metal ester bonding every organic acids in the side chains need not necessarily having such a particular 
metal ester bonding and some of them may be left unreacted in the form of free acid, if desired. 

Regarding the molecular weight of the present resin obtained by either one of the abovesaid methods, 
there is no particular limitation on it, and however, as a resinous vehicle of an antifouling paint, it is 
preferably determined in a range of, in terms of number average molecular weight, 4000 to 40000, and 

rs more preferably 6000 to 35000. This is because at a level of less than 4000, the film-forming property of the 
resin is insufficient and therefore, there is a fear that cracks and peeling of the formed coating are liable to 
occur, while at a level of more than 40000 storage stability of the coating composition is very poor and 
more over, there is a necessity of using a large amount of dilution solvent, which may cause additional 
problems in both economy and public health. 

20 The resin composition of this invention has a characteristic feature such that when applied on a 
substrate as submarine structure, thus formed coating is gradually hydrolyzed and dissolved out under 
alkaline atmosphere. 

Therefore, by making the most of the abovesaid property, numerous aplications including fish net 
coating, capsulated agricultural chemicals may be expected for the present resin composition. However, 

25 one of the most important applications is an antifouling paint containing the same. 

As already stated, the present resin, differing from the heretofore known polyester having a number of 
metal ester bondings in its backbone chain, possesses an amount of metal ester bondings at the end 
portions of side chains. And, when hydrolyzed under alkaline atmosphere, the known polyester is de- 
composed into small segments and dissolved out at once, whereas in the present resin, hydrophilic groups 

30 are gradually formed at the side chain portions and the resin is dissolved out at the first time when the 
concentration of said hydrophilic groups comes to a certain critical point. Therefore, when used as a 
resinous vehicle in an antifouling coating composition, the antifouling action can be controlled for a longer 
period of time. For an optimum dissolution of the resin in sea water, the metal content is preferably 
determined in a range of 0.3 to 20%, more preferably 0.5 to 15%, by weight of the resin. 

35 This is because, at a level of less than 0.3% by weight, the dissolution rate of the resin is too slow, 
whereas at a level of more than 20% by weight, it is too high, and both of the cases are undesired for the 
intended object. 

There is no need of the acid value and hydroxyl number of the present metal containing resin being 
zero, and certain degree of acid value and hydroxyl number may be permissible providing giving the nature 
4o of being insoluble in sea water. More specifically, permissible acid value of said resin is up to 40 KOH 
mg/g, and more preferably up to 30 KOH mg/g, and acceptable hydroxyl number is up to 200 KOH mg/g, 
more preferably up to 150 KOH mg/g. 

The present resin composition may be applied as it is as a clear coating. However, any of the 
conventional additives as pigment, solvent, may be added to formulate an antifouling coating composition. 
45 Since the present resin composition comprises a resin capable of being hydrolyzed to generate an 
antifouling metal ion and in a preferred embodiment, an organic acid having an antifouling property, too, it is 
not always essential to add an additional antifouling agent to formulate an antifouling coating composition. 

However, if desired, any of the known organic or inorganic antifouling agent or other toxic material may 
be added thereto. Examples of such materials are bis (tributyl tin) oxide, tributyl tin chloride, tributyl tin 
50 fluoride, tributyl tin acetate, tributyl tin nicotinate, tributyl tin versatate, bis (tributyl tin) a,a'-dibromosuc- 
cinate, triphenyl tin hydroxide, triphenyl tin nicotinate, triphenyl tin versate, bis (triphenyl tin) o,a'- 
dibromosuccinate, bis (triphenyl tin) oxide and other organo tin compounds. 

In formulating the present coating composition, any of the techniques customarily used in the related 
fields may be satisfactorily used. For example, the selected raw materials are combined and mixed well by 
55 means of ball-mill, pebble mill, roll mill, speed run mill. 

The present antifouling coating composition is characterized by providing a coating capable of 
exhibiting a stabilized antifouling effect for a longer duration of time, which is as effective as known 
antifouling coating composition based on triorgano tin containing acrylic resin. Furthermore, since the 
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present coating composition can be made without the necessity of being fully relied on an expensive and 
toxic triorgano tin compound, the manufacturing cost can be markedly lowered and hygienic problem can 
be effectively obviated. 

The invention shall be now more fully explained in the following Examples. Unless otherwise being 
5 stated, all parts and percentage are by weight. 

Reference Example 1 

Preparation of resin varnish A 

10 

Into a 4-necked flask fitted with a stirrer, a reflux condenser, and a dropping funnel, were placed 120 
parts of xylene and 30 parts of n-butanol and the mixture was heated to maintain the temperature at 110 
to 120* C. To this, a mixture of 60 parts of ethyl aery late, 25 parts of 2-ethyl hexyl acrylate, 15 parts of 
acrylic acid, and 2 parts of azobis isobutyronitrile was dropwise added at a constant speed in 3 hours and 
75 after completion of said addition, the combined mixture was maintained at the same temperature for 2 
hours. Thus obtained varnish A had a solid content of 39.8% and a viscosity of 0.22 Pa.s (2.2 poise). 

Reference Example 2 

20 Preparation of resin varnish 8 

Into a similar reaction vessel as used in Reference Example 1, were placed 75 parts of xylene and 75 
parts of n-butanol and the mixture was maintained at 110° C. To this, a mixture of 50 parts of n-butyl 
methacrylate, 45 parts of methyl methacrylate, 5 parts of methacrylic acid, and 2 parts of benzoyl peroxide 
25 was dropwise added in 3 hours and the combined mixture was then maintained at the same temperature for 
2 hours. Thus obtained resin solution had a solid content of 39.8% and a viscosity of 0.08 Pa.s (0.8 poise). 
To this, 46g of 5wt% sodium hydroxide methanol solution were added to obtain varnish B. 

Reference Example 3 

30 

Preparation of resin varnish C 

Into a similar reaction vessel as used in Reference Example 1, were placed 100 parts of xylene and the 
temperature was maintained at 100° to 1 10* C. To this, a mixture of 50 parts of methyl methacrylate, 42.4 
35 parts of ethyl methacrylate, 7.6 parts of hydroxy ethyl methacrylate, and 1.6 parts of azobis isobutyronitrile 
was dropwise added in 3 hours and thereafter, the mixture was maintained at the same temperature for 2 
hours. Next, 8.4 parts of phthalic anhydride and 8.4 parts of xylene were added and the combined mixture 
was maintained at 120° C for 2 hours. Thus obtained varnish C had a solid content of 50.2% and a viscosity 
of 0.22 Pa.s (2.2 poise). 

40 

Reference Example 4 

Preparation of resin varnish D 

45 Into a similar reaction vessel as used in Reference Example 1 , were placed 50 parts of xylene and 50 
parts of methyl isobutyl ketone, and the mixture was maintained at 90 to 100* C. To this, a mixture of 5 
parts of styrene, 5 parts of maleic anhydride, 90 parts of vinyl acetate and 1 .5 parts of benzoyl peroxide 
was dropwise added in 5 hours, and the combined mixture was maintained at the same temperature for 4 
hours. Thus obtained varnish D had a solid content of 48.2% and a viscosity of 0.36 Pa.s (3.6 poise). 

so 

Reference Example 5 

Preparation of resin varnish E 

55 Into a similar reaction vessel as used in Reference Example 1 , were placed 70 parts of xylen and 30 
parts of n-butanol and the mixture was maintained at 100 to 110* C. To this, a mixture of 50 parts of methyl 
methacrylate, 35 parts of n-butyl methacrylate, 15 parts of p-styrene sulfonic acid and 1.2 parts of azobis 
isobutyronitrile was dropwise added in 3 hours, and the combined mixture was maintained at the same 
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temperature for 2 hours. Thus obtained varnish E had a solid content of 50.2% and a viscosity of 0.32 Pa.s 
(3.2 poise). 

Reference Example 6 

5 

Preparation of resin varnish F 

Into a similar reaction vessel as used in Reference Exampje 1 , were placed 80 parts of xylene and 20 
parts of n-butanol and the mixture was heated to 100 to 110° C. To this, a mixture of 50 parts of methyl 
w methacrylate, 10 parts of 3-chloro-2-azide phosphoxy propyl, 5 parts of 2-hydroxy propyl methacrylate, 35 
parts of n-butyl methacrylate, and 1 .5 parts of azobis isobutyronitrile was dropwise added in 3 hours and the 
combined mixture was maintained at the same temperature for 2 hours. Thus obtained varnish F had a solid 
content of 49.9% and a viscosity of 0.43 Pa.s (4.3 poise). 

75 Example 1 

Into a 4-necked flask fitted with a stirrer, a reflux condenser and a decanter, were placed 100 parts of 
varnish A, 20 parts of naphthenic acid (acid value 200 KOH mg/g) and 7 parts of copper hydroxide and the 
mixture was heated to 120°C and maintained at the same temperature for 2 hours, while removing the 
20 formed water therefrom. (Dehydration amounts 2.5g) Thus obtained varnish V-1 had a green color, a solid 
content of 51.3% and a viscosity of 0.22 Pa.s (2.2 poise). A sample varnish was subjected to a 
reprecipitation with white spirit and Cu content of thus obtained green resin was analyzed by a fluorescence 
X-rays. It was found that the resin contained 6.8wt% of Cu metal. 

25 Example 2 

Into a 4-necked flask fitted with a stirrer and a reflux condenser, were placed 100 parts of varnish A and. 
25 parts of copper naphthenate and the mixture was heated under stirring at 80° C for 2 hours. 
The mixture was added with 38 parts of xylene to obtain varnish V-2, whose solid content was 39.9% and 
30 viscosity was 0.11 Pa.s (1.1 poise). Cu content of thus obtained resin was analyzed in the same way as in 
Example 1 and was found to be 5.8wt%. 

Example 3 

35 Into a similar reaction vessel as used in Reference Example 2, were placed 100 parts of toluene, 100 
parts of copper hydroxide, 86 parts of methacrylic acid and 275 parts of naphthenic acid and the mixture 
was heated, while removing the formed water under air bubbling, at 120° C for 3 hours. Next, the remained 
insoluble substances were filtered to obtain a green colored toluene solutin. From 1R analysis of solid 
solute, vinyl group and Cu carboxylate were detected. 100 parts of said xylene solution and 110 parts of 

40 xylene were placed in a similar reaction vessel as used in Reference Example 1, and the mixture was 
heated to 100° C. To this, a mixture of 150 parts of methyl methacrylate and 2 parts of azobisisobutyronitrile 
was dropwise added in 3 hours and the combined mixture was maintained at the same temperature for 2 
hours. Thus obtained varnish V-3 had a solid content of 48.8% and a viscosity of 0.18 Pa.s (1.8 poise). Cu 
content of the contained resin was analyzed in the same way as in Example 2 and it was found that Cu 

45 content was 1 .8wt%. 

Example 4 

Into a 4-necked flask fitted with a stirrer and a reflux condenser, were placed 100 parts of varnish B, 5.5 
so parts of stearic acid, 1.7 parts of cupric chloride, and 1.0 part of nickel chloride and the mixture was reacted 
at 120° C for 2 hours. After filtering, a pale green colored varnish V-4 having a solid content of 38.2% and a 
viscosity of 0.12 Pa.s (1.2 poise) was obtained. Metal contents of the contained resin were analyzed in the 
same way as in Example 2, and it was found that Cu content was 0.5wt% and Ni content was 0.4wt%. 

55 Example 5 

Into a similar reaction vessel as used in Example 2, were placed 100 parts of varnish A and 23 parts of 
zinc stearate and the mixture was stirred at 120* C for 2 hours and then diluted with 35 parts of xylene. 
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Thus obtained varnish V-5 had a solid content of 39.2% and a viscosity of 0.13 Pa.s (1.3 poise). The zinc 
content of the resin was analyzed in the same way as in Example 1 and was found to be 5.2wt%. 

Example 6 

5 

Into a similar reaction vessel as used in Example 2, were placed 100 parts of varnish A, 15 parts of 
copper naphthenate and 10 parts of dibutyl tin laurate and the mixture was stirred at 80° C for 2 hours and 
then diluted with 33 parts of xylene. 

Thus obtained varnish V-6 had a pale yellow, color, a solid content of 39.2% and a viscosity of 0.11 Pa.s 
w (1.1 poise). The metal content of the resin was analyzed as in Example 1 and it was found that Sn content 
was 2.3wt% and Cu content was 2.1wt%. 

Example 7 

is Into a similar reaction vessel as used in Example 2, were placed 100 parts of varnish A and 39 parts of 
zinc salt of 2-mercapto benzothiazole and the mixture was stirred at 120*C for 2 hours and then diluted 
with 31 parts of xylene to obtain varnish V-7 having a pale yellow color, a solid content of 46.4% and a 
viscosity of 0.13 Pa.s (1.3 poise). This varnish was subjected to a reprecipitation with methanol and thus 
separated resin was analyzed in the same way as in Example 1. It was found that zinc content of the resin 

20 was 4.8wt%. 

Example 8 

Into a similar reaction vessel as used in Example 2, were placed 1 00 parts of varnish C and 20 parts of 
25 zinc dibutyl dithiocarbamate and the mixture was stirred at 120* C for 2 hours and then diluted with 20 parts 
of xylene. Thus obtained pale brown colored varnish-8 had a solid content of 51.2% and a viscosity of 0.21 
Pa.s (2.1 poise). The metal content of the resin was analyzed in the same way as in Example 1 , and it was 
found that zinc content was 3.2wt%. 

30 Example 9 

Repeating the same procedures as in Example 8 but using 100 parts of varnish D, 22 parts of tellurium 
diethyl dithiocarbamate and 20 parts of n-butanol, a redish brown colored varnish V-9 was obtained, whose 
solid content was 50.2% and viscosity was 0.32 Pa.s (3.2 poise). The tellurium content of the resin was 
35 analyzed in the same way as in Example 7, and it was found to be 6.0wt%. 

Example 10 

Into a similar reaction vessel as used in Example 2, were placed 100 parts of varnish D, 15 parts of zinc 
40 saiicylate-3H20 and 15 parts of n-butanol and the mixture was stirred at 120° C for 2 hours to obtain a pale 
brown colored varnish V-10. The solid content of the varnish was 49.8%, viscosity was 0.36 Pa.s (3.6 
poise), and the zinc content of the resin was 5.7wt%. 

Example 1 1 

45 

Into a similar reaction vessel as used in Example 2, were placed 100 parts of varnish E, 35 parts of 
copper naphthenate and . 35 parts of xylene and the mixture was stirred at 80 " C for 2 hours to obtain a 
green colored varnish V-1 1 , having a solid content of 50.2% and a viscosity of 0.28 Pa.s (2.8 poise). The 
copper content of the resin was analyzed in the same way as in Example 1 and it was found that the copper 
so content was 5.2wt%. 

Example 12 

Into a similar reaction vessel as used in Example 1, were placed 100 parts of varnish F, 5.8 parts of p- 
55 toluene sulfonic acid, and 3.6 parts of copper hydroxide and the mixture was reacted as in Example 1 . 

Thus obtained green colored varnish V-1 2 had a solid content of 52.7% and a viscosity of 0.48 Pa.s (4.8 
poise). Using the same procedure as stated in Example 7, the metal content of the resin was analyzed and 
it was found that copper content was 3.2wt%. 
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Example 13 

Into a 4-necked flask fitted with a decanter, a condenser and a stirrer, were placed 20.4 parts of 
trimellitic anhydride, 6.8 parts of phthalic anhydride, 9.7 parts of butyl carbitol, 57.3 parts of coconut oil 

5 monoglyceride, 1 1 .8 parts of coconut oil fatty alcohol, 0.2 part of dibutyl tin oxide and 5 parts of xylene, and 
the mixture was reacted at 180 to 220° C, while removing the formed water out of the system, for 9 hours. 
The reaction solution was allowed to cool to 160° C, added with 12.5 parts of succinic anhydride, stirred at 
160° C for 1 hour and then diluted with 50 parts of xylene and 10 parts of n-butanol. 
To this, 13 parts of copper hydroxide and 28 parts of pivalic acid and the combined mixture was reacted, 

10 while removing the formed water, at 110* C for 3 hours. After filtration, a resin varnish (Varnish V-13) having 
a solid content of 55.3wt% was obtained. It was found that Cu content of the resin was 4.2wt%. 

Comparative Example 1_ 

15 The resin varnish A obtained in Reference Example 1 was used as Comparative varnish A. 
Comparative Example 2 

Into a 4-necked flask fitted with a stirrer, a reflux condenser and a dropping funnel, were placed 100 
20 parts of xylene and it was maintained at 80 to 85° C. To this, a mixture of 50 parts of methyl methacrylate, 
40 parts of ethy! acrylate and 1 .5 parts of azobisisobutyronitrile was dropwise added at a constant speed in 
3 hours and thereafter, the combined mixture was maintained at the same temperature for 2 hours. 10 parts 
of copper naphthenate were then added and the mixture was stirred at 70 - C for 2 hours to obtain 
Comparative varnish B having a solid content of 50.2% and a viscosity of 0.52 Pa.s (5.2 poise). 
25 The metal content of the resin was analyzed in the same way as in Example 1 and it was found that Cu 
content was less than 0.01 wt%. 

Comparative Example 3 

30 Into a similar reaction vessel as used in Example 2, were placed 100 parts of varnish A and 24 parts of 
magnesium naphthenate and the mixture was stirred at 80 °C for 2 hours and then diluted with 38 parts of 
xylene. Thus obtained varnish (Comparative varnish C) had a solid content of 38.8%. The metal content of 
the resin was analyzed as in Example 1 and it was found that magnesium content was 5.6wt%. 

35 Examples 1 4 to 28 and Comparative Examples 4 to 6 

Using the materials shown in Table 1 and Table 2 and subjecting to a dispersion operation in ball mill 
for 5 hours, the respective coating composition was obtained. Each composition was then applied onto a 
test plate in about 200 urn dry thickness, and thus prepared test plate was attached to Discrotor, immersed 
40 in sea water (18° to 23* C) and rotated at a constant speed (peripheral speed 35 knots) for 3 months (days 
and nights). Use-up rate of the coating was determined microscopically. The results are shown in Table 3. 
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Table 1 



Example 


14 


15 


16 


17 


18 


19 


20 21 


resin 
















varnish V-l 


50 














V-2 




40 












V-3 






45 










V-4 








40 


50 






V-5 












35 




V-6 














45 


V-7 














50 


cuprous oxide 


25 


30 


25 


20 




25 


30 30 


cuprous thiocyanate 










.25 






zinc white 


10 


10 


15 


15 




10 


10 


colloidal silica 


2 


2 


2 


2 


2 


2 


2 2 


titanium oxide 




5 


5 


10 


10 


10 


10 


colcothar 


5 


5 


5 


5 




5 




dioctyl phthalate 


5 


5 




5 


5 


5 




n-butanol 


3 


3 


3 


3 


3 


3 


3 3 


xylene 










5 


5 


10 5 


total 


100 


100 


100 


100 


100 


100 


100 10( 



45 



50 



12 



EP 0 204 456 B1 



Table 1 (continued) 



5 


Example 

yp e ^' n varnish V — 8 


22 
50 


23 


24 


25 


26 


27 


28 


10 


* V ' 9 
V-10 

V-11 

V JL. -*. 




45 


50 


45 


45 






IS 


V-12 
V-13 












40 


35 


20 


cuorou s oxide 
cuDrous thiocvanate 


20 


30 


25 


15 


20 


25 


25 




zinc white 


5 


10 


5 


10 


5 


10 


15 


25 


colloidal silica 


2 


2 


2 


2 


2 


2 


2 




titanium oxide 


10 


5 


5 


10 


10 


10 


10 


30 


colcothar 




5 


5 


5 


5 


5 


5 




dioctyl phthalate 






5 


. 5 


5 


5 


5 




n-butanol 


3 


3 


3 


3 


3 


3 


3 


35 


xylene 


10 






5 


5 








total 


100 


100 


100 


100 


100 


100 


10( 



40 

Table 2 



Comparative Example 


4 


5 


6 


compara. varnish A 


45 






B 




40 




C 






35 


cuprous oxide 


25 


30 


25 


zinc white 


10 


10 


10 


titanium oxide 


10 


5 


15 


colcothar 




5 


5 


colloidal silica 


2 


2 


2 


dioctyl phthalate 


5 


5 


5 


n-butanol 


3 


3 


3 


xylene 






5 


total 


100 


100 


100 
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Table 3 
Coating use-up rate 
Example initial film film thickness used up 

thickness(pni) after 3 months(pm) film thicknessCfira) 



14 


195 


140 


55 


15 


210 


175 


35 


16 


180 


165 


15 


17 


205 


195 


10 


18 


200 


185 


15 


19 


185 


145 


40 


20 


200 


155 


45 


21 


210 


180 


30 


22 


195 


165 


30 


23 


190 


150 


40 


24 


180 


135 


45 


25 


210 


160 


50 


26 


200 


175 


25 


27 


205 


lyo 


15 


28 


195 


145 


50 


Dmpara .Ex. 








4 


205 






5 


210 


210 


0 


6 


195 


195 


0 



The coating of comparative Example 4 was completely disolved out after 3 months' test. 

Next, the respective coating composition of Examples 14 to 28 and Comparative Examples 4 to 6 was 
applied twice by brushing onto a sand-blasted steel plate previously coated with an anti-corrosive paint, so 
as to give a coating of 100um dry thickness each time. Thus prepared test plate was immersed in sea 
water for a defined period of time and the anti-fouling effect was examined. 

This test was conducted at Aioi Bay, Hyogo Pref. 

The results are shown in Table 4. 
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Antifouling test 
5 (surface area % adhered with submarine livings) 









duration of 


immersion (months) 












3 


6 


9 


12 


15 


18 


21 


24 


27 


30 


33 


36 


Example 


14 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




15 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




16 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


10 




17 


0 


0 


! o 


0 


0 


0 


0 


0 


0 


0 


10 


20 




18 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


10 




19 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




20 


0 


0 


0 


o 


0 


0 


0 


0 


0 


0 


0 


5 




21 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




22 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




23 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




24 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




25 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




26 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




27 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




28 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Conipara 


.Ex. 




























4 


0 


0 


100 


100 


discontinued (because of thorough 














dissolution of 


the 


coating) 




5 


0 


5 


30 


100 


100 


100 


100 


100 


100 


100 


100 


100 




6 


0 


5 


10 


30 


100 


100 


100 


100 


100 


300 


100 


100 



so From the foregoing, it was found that the resin compositions of this invention could result the coatings 
which were gradually hydrolyzed and dissolved in sea water at an appropriate rate. 

Whereas, in the case of Comparative Example 4 based on Comparative varnish A in which the resin did 
not bear metal organic acid ester bonding at the end portion of side chains, the coating was rapidly 
dissolved in sea water because of the soluble nature of the contained resin and the desired antifouling effect 

55 could not last over 12 months. 

In the case of Comparative Example 5 based on Comparative varnish B in which the resin did not bear 
organic acid in the side chains, no dissolution of the coating was found and thus, the desired antifouling 
effect was very weak. 
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In the case of Comparative Example 6 based on Comparative varnish C, wherein the resin contained 
magnesium whose ionization tendency was higher than alkali metal, hydrolysis of the resin and hence the 
antifouling effect were very poor. 

5 Example 29 

Into a similar reaction vessel as used in Example 1, were placed 100 parts of varnish A, 14.4 parts of 5- 
quinoline carboxylic acid and copper hydroxide and the mixture was heated to 120* C and maintained at the 
same temperature for 2 hours, while removing the formed water out of the system. A pale green colored 
w varnish V-14 having a solid content of 50.4% and a viscosity of 0.25 Pa.s (2.5 poise) was obtained. A 
sample amount of this varnish was subjected to a reprecipitation with white spirit, thus obtained resin was 
analyzed in the same way as in Example 1 and it was found that Cu content was 3.1wt% 

Example 30 

75 

Into a similar reaction vessel as used in Example 4, were placed 100 parts of varnish B, 6.5 parts of 
sodium triethyl pyrophosphate and 3.3 parts of cupric chloride and the mixture was heated to 120* C and 
maintained at the same temperature for 2 hours, while removing the formed water therefrom. The reaction 
mixture was filtered to obtain a varnish V-15, whose solid content was 41.4% and viscosity was 0.24 Pa.s 
20 (2.4 poise). The copper content of the resin was 1 .0wt%. 

Example 31 

Into a similar reaction vessel as used in Example 1, were placed 100 parts of varnish A, 21 parts of L- 
25 menthol/succinic anhydride half ester and 8.0 parts of copper hydroxide and the mixture was heated to 
120* C and maintained at the same temperature for 2 hours, while removing the formed water therefrom, to 
obtain a varnish V-16 having a solid content of 51.8% and a viscosity of 0.21 Pa.s (2.1 poise). This varnish 
was reprecipitated from n-hexane and thus obtained resin was analyzed in the same way as in Example 1 . 
The copper content of the resin was 7.4wt%. 

30 

Example 32 

Into a similar reaction vessel as used in Example 1, were placed 100 partrs of varnish A, 14 parts of 5- 
fluoro-uracil-4-carboxylic acid and 8.0 parts of copper hydroxide and the mixture was heated to 120 C and 
35 maintained at the same temperature for 2 hours, while removing the formed water therefrom, to obtain a 
varnish V-17 having a solid content of 50.9% and a viscosity of 0.24 Pa.s (2.4 poise). This varnish was 
reprecipitated from methanol and thus obtained resin was analyzed in the same way as in Example 1 . The 
copper content of the resin was 6.9wt%. 

40 Example 33 

Into a similar reaction vessel as used in Example 1, were placed 100 parts of varnish A, 28.8 parts of 
penicillin V and 8 parts of copper hydroxide and the mixture was heated to 120*C and maintained at the 
same temperature for 2 hours, while removing the formed water therefrom, to obtain a varnish V-18 having a 
45 solid content of 51.2% and a viscosity of 0.26 Pa.s (2.6 poise). This varnish was reprecipitated from 
methanol and thus obtained resin was analyzed in the same way as in Example 1. The copper content of 
the resin was 7.2wt%. 

Examples 34 to 38 

50 

Using the varnishes of Examples 29 to 33 and the materials shown in Table 5 and subjecting to a 
dispersion operation in ball mill for 5 hours, coating compositions were prepared. The respective composi- 
tion was applied onto a test plate in about 200nm dry thickness and thus prepared plate was attached to 
Discrotor, immersed in sea water and rotated at a constant speed for 3 months as in Examples 14 to 28. 
55 The test results are shown in Table 6. 

Also, a second series of test plates were prepared using a sand-blasted steel plate previously coated with 
an anti-corrosive paint and the sea water immersion tests were carried out as in Examples 14 to 28. The 
test results are shown in Table 7. 
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Table 5 



Example 


34 


35 


36 


37 


38 


resin varnish V-14 












V- 1 0 












V-16 






50 






V-17 








40 




V-18 










40 


cuprous oxide 


30 


25 


15 


25 


15 


zinc white 


20 


5 


10 


10 


20 


colloidal silica 


2 


2 


2 


2 


2 


titanium oxide 


5 


5 


10 


10 


5 


colcothar 


5 


5 


5 


5 


5 


dioctyl phthalate 




5 




5 


5 


n-butanol 


3 


3 


3 


3 


3 


xylene 


5 


5 


5 




5 


total 


100 


100 


100 


100 


100 



20 

Table 6 



25 



Coating use-up rate 


Example 


initial film 


film thickness after 3 


used-up film 


thicknessOxm) 


months(um) 


thickness(um) 


34 


180 


130 


50 


35 


190 


145 


45 


36 


210 


160 


50 


37 


205 


170 


35 


38 


195 


145 


50 



Table 7 



Antifouling test (surface area % adhered with submarine livings) 


Example 


duration of immersion (months) 


3 


6 


9 


12 


15 


18 


21 


24 


27 


30 


33 


36 


34 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


35 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


36 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


37 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


38 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



so Example 39 

Into a similar reaction vessel as used in Example 1, were placed 100 parts of varnish A, 18 parts otdi- 
n-propyl acetic acid and 7 parts of copper hydroxide, and the mixture was reacted as in Example 1 to 
obtain a green colored varnish V-19 having a solid content of 52.6wt% and a viscosity of 0.28 Pa.s (2.8 
55 poise). The Cu content of the resin was 7.2wt%. 

Example 40 
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Repeating the same procedures of Example 39 but using 15 parts of isononeic acid in place of 18 parts 
of di-n-propyl acetic acid, a resin varnish V-20 was obtained, whose solid content was 51.2wt% and 
viscosity was 0.26 Pa.s (2.6 poise). The Cu content of the resin was 7.1wt%. 

5 Example 41 

Repeating the same procedures of Example 39 but using 10 parts of pivaiic acid in place of 18 parts of 
di-n-propy! acetic acid, a resin varnish V-21 having a solid content of 50.8wt% and a viscosity of 0.32 Pa.s 
(3.2 poise) was obtained. The Cu content of the resin was 7.2wt%. 



10 



Example 42 



Repeating the same procedures of Example 39 but using 24 parts of 2,4-dichlorophenoxy acetic acid in 
place of 18 parts of di-n-propyl acetic acid, a resin varnish V-22 having a solid content of 51.6wt% and a 
75 viscosity of 0.42 Pa.s (4.2 poise) was obtained. 
The Cu content of the resin was 6.4wt%. 

Examples 43 to 47 

20 Repeating the same procedures as stated in Example 1 but using the following synthetic fatty acids in 
place of naphthenic acid, various varnishes (V-23 to V-27) were obtained. 



25 



30 



35 



40 



45 



50 



55 
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55 Examples 48 to 56 

Using the varnishes of Examples 39 to 47 and the materials shown in Table 8 and subjecting to a 
dispersion operation in ball mill for 5 hours, various coating compositions were prepared. 
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With these coating compositions, the same tests, i.e. coating use-up rate test and antifouling test, as given 
in Examples 14 to 28 were carried out and the test results were shown in Table 9 and Table 10. 

Table 8 

5 



15 



Examole 

L*ACll 1 1 LJ lv 


48 


49 


50 


51 


52 


53 


54 


55 


56 


varnish V-19 


45 


















V-20 




40 
















V-21 






45 














V-22 








40 






















45 










V-24 












40 








V-25 














45 






V-26 
















45 




V-27 


















45 


cuprous oxide 


25 


25 


30 


20 


15 


20 


30 


30 


30 


cuprous thiocyanate 




















zinc white 


5 


15 


10 


15 


15 


10 




15 


15 


colloidal silica 


2 


2 


2 


2 


2 


2 


2 


2 


2 


titanium oxide 




5 


5 


10 


10 


10 


10 






colcothar 


5 


5 


5 


5 




5 








dioctyl phthalate 


5 


5 




5 


5 


5 








n-butanol 


3 


3 


3 


3 


3 


3 


3 


3 


3 


xylene 










5 


5 


10 


5 


5 


total 


100 


100 


100 


100 


100 


100 


100 


100 


100 



Table 9 



35 



40 



Coating use-up rate 


Example 


initial film 


film thickness after 3 


used up film 




thickness(um) 


months(um) 


thickness(um) 


48 


195 


155 


40 


49 


180 


145 


35 


50 


175 


125 


50 


51 


200 


170 


30 


52 


185 


140 


45 


53 


190 


140 


50 


54 


210 


170 


40 j 


55 


180 


145 


35 


56 


170 


130 


40 



45 



50 
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Table 10 



5 


Antifouling test (surface area % adhered with submarine livings) 




duratio of immersion (months) 


3 


6 


9 


12 


15 


18 


21 


24 


27 


30 


33 


36 




Example 48 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 j 




49 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


10 


50 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




51 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




52 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




53 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




54 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


15 


55 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




56 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



The test results shown that the antifouling coating compositions of this invention can give a long lasting, 
excellent polishing antifouling effect in each case. The inventors have also found that the present antifouling 
coating compositions are no less better than the heretofore proposed composition with trialkyl tin rich resin, 
in giving a stabilized, antifouling polishing effect 



Claims 

25 1. A hydrolyzable resin composition consisting essentially of a resin having at least one side chain bearing 
at least one terminal group of the formula: 



wherein 



-XfO-M-RJx 
erein 

X represents 



o 


o 


o 


O 


II 


II 


II 


a 


-c-, 


-s-, 


-P- or 


-p< 




(I 


I 






o 


OH 





M is a metal selected from zinc, copper and tellurium; 

x is an integer of 1 to 2; R represents an organic acid residue selected from 



SOS o 

II II I! » 

-S-C-l^, - 0 -c-R 1 , -O-C-f^, -O-E^, -S-R x or -O-S-f^; 

O 

and 

Ri is a monovalent organic residue, 

and an organic solvent in which said resin is soluble. 

2. A composition according to claim 1 wherein the resin is selected from an acrylic resin, a polyester resin 
55 and an epoxy resin. 



45 



50 



3. A composition according to claim 1 wherein Ri represents 
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-C-R. 
I 4 



5 I 



-R 5 -R 6 or 



-Rs-Rs or -Rsin which R 2 is hydrogen or a hydrocarbon residue having 1 to 12 carbon atoms, and Ra 
70 and R«. each represents a hydrocarbon residue having 1 to 12 carbon atoms, Rs is a hydrocarbon 
residue having 1 to 4 carbon atoms and R6 is a cyclic hydrocarbon having 5 to 12 carbon atoms. 

4. An antifouiing coating composition having improved polishing property and consisting essentially of a 
resin having at least one side chain bearing at least one terminal group of the formula: 



75 



20 



25 



-XfO-M-R] x 

wherein 

X represents 



0 0 0 o 

II II II H 

-C-, -S-, -P- or -PI 

II I 
O OH 



30 



35 



M is a metal selected from zinc, copper and tellurium; 

x is an integer of 1 to 2, R represents an organic acid residue selected from 

SOS o 

II II II 11 

-S-C-R lf -O-C-R^ -0-C-R 1# -0-R x , -S-R x or -O-S-R^ 

O 



and 

Ri is a monovalent organic residue, 
40 an organic solvent in which said resin is soluble, 

a pigment and other optional additives. 

5. A composition according to claim 4 wherein the resin is selected from an acrylic resin, a polyester resin 
and an epoxy resin. 

45 

6. A composition according to claim 4 wherein Ri represents 



so 




-C-R 2 , -R 5 -C-R 2 , - R 5* R 6 or " R 6 

-Rs-Rg or -Rs in which R2 is hydrogen or a hydrocarbon residue having 1 to 12 carbon atoms, and R 3 
and R* each represents a hydrocarbon residue having 1 to 12 carbon atoms, R5 is a hydrocarbon 
residue having 1 to 4 carbon atoms and Rs is a cyclic hydrocarbon having 5 to 12 carbon atoms. 
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7. A composition according to claim 4 wherein an antifouling agent is added as the additive. 
Revendications 

5 1. Une composition de r6sine hydrolysabie consistant essentiellement en une resine ayant au moins une 
chaTne laterale portant au moins un groupement terminal de formule: 

-x-E-O-M-Rlc 

10 dans laquelle 

x represente 

o o o o 



15 




O OH 



M est un metal choisi parmi le zinc, le cuivre et le tellure ; 
20 x est un chiffre entier de 1 a 2 ; R represente un reste d'acide organique choisi parmi 

SOS o 

" ti u \\ 

-S-C-R,, -q-C-R^ -O-C-Rj, «0-R 1; S-R { OU -O-S-R, 

o 



25 



Ri est un reste organique monovalent, et un solvant organique dans lequel ladite resine est 
30 soluble. 

2. Une composition suivant la revendication 1, dans laquelle la resine est choisie parmi une resine 
acrylique, une resine polyester et une resine epoxy. 

35 3. Une composition suivant la revendication 1, dans laquelle R, represente 

f. R. 

— C— R 2 , — R 5 -C— R 2 / 

40 I I 

R 3 R 3 

-R 5 -R 6 ou -R 6 ou R 2 est de Thydrogene ou un reste d'hydrocarbure ayant de 1 a 12 atomes de 
45 carbone et Ra et R* repr^sentent chacun un reste d'hydrocarbure ayant de 1 a 12 atomes de carbone, 
R s est un reste d'hydrocarbure ayant de 1 a 4 atomes de carbone et R 6 est un hydrocarbure cyclique 
ayant de 5 a 12 atomes de carbone. 

4. Une composition de revetement anti-encrassement ayant une propriete de polissage am^lioree et 
so consistant essentiellement en une resine ayant au moins une chaTne laterale portant au moins un 
groupement terminal de formule : 

-x{-0-M«Rlc 

55 dans laquelle 

x represente 
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O O O O 

fi fi » n 
-C-, -S-, -p- ou -P; ; 

!l It 
O OH 

M est un metal choisi parmi le zinc, le cuivre et le tellure ; 

x est un chiffre entier de 1 a 2, R represents un reste d'acide organique choisi parmi 

SOS o 
w \\ \\ U 

-S-C-R,, -O-C-Ri, -O-C-R,, -O-R,, -S-^ OU -O-S-R, ; 

O 

et 

Ri est un reste organique monovalent, un solvant organique dans lequel iadite resine est soluble, 
un pigment et d'autres additifs facultatifs. 

5. Une composition suivant la revendication 4, dans laquelle la resine est choisie parmi une resine 
acrylique, une resine polyester et une resine epoxy. 

6. Une composition suivant la revendication 4, dans laquelle Ri represents 

— C— R 2 / -R 5 -C-R 2 / 



-R5-R5 ou -R6 0C1 R2 est de I'hydrogene ou un reste d'hydrocarbure ay ant de 1 a 12 atomes de 
carbone et R 3 et represented chacun un reste d'hydrocarbure ayant de 1 a 12 atomes de carbone, 
Rs est un reste d l hydrocarbure ayant de 1 a 4 atomes de carbone et Re est un hydrocarbure cyclique 
35 ayant de 5 a 12 atomes de carbone. 

7. Une composition suivant la revendication 4 , dans laquelle Tagent anti-encrassement est ajoute en tant 
qu'additif. 

40 Patentanspruche 

1. Hydrolysierbare Harzzusammensetzung, die im wesentlichen aus einem Harz, das mindestens eine 
Seitenkette hat, die mindestens eine Endgruppe der Formel : 

45 -X{OM-R] x 

tragt, worin 

X bedeutet 

50 



55 



0 


0 


0 


0 


II 


a 


II 


a 


-c-, 


-S-, 


-p- 


Oder -PC 




II 


l 






0 


OH 





M ein Metall, ausgewahlt unter Zink. Kupfer und Tellur ist; 

x eine ganze Zahl von 1 bis 2 ist; R einen organischen Saurerest bedeutet, der ausgewahlt ist 
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unter 



SOS o 
II II II N 

-S-C-Kj-, -O-C-Rj, -0-C-R 1 , -O-R^ -S-R 1 oder -q-S-Rj^ ; 

O 



10 



und 

Ri ein einwertiger organischer Rest ist, 

und aus einem organischen Losungsmittei, in dem das Harz loslich 1st, besteht 

75 2. Zusammensetzung nach Anspuch 1, worin das Harz ausgewahit ist unter einem Acrylharz, einem 
Polyesterharz und einem Epoxyharz. 

3. Zusammensetzung nach Anspruch 1 , worin Ri bedeutet 



20 



25 



?4 ?4 
-C-R 2 , -R 5 -C-R 2 , 

A 3 R 3 



.r 5 -Rs oc j er ,r 5 wor in r 2 Wasserstoff oder ein Kohlenwasserstoffrest mit 1 bis 12 Kohlenstoffatomen 
ist und R 3 und R* jeweils einen Kohlenwasserstoffrest mit 1 bis 12 Kohlenstoffatomen bedeuten, R 5 ein 
Kohlenwasserstoffrest mit 1 bis 4 Kohlenstoffatomen ist und R e ein cyciischer Kohlenwasserstoff mit 5 
30 bis 12 Kohlenstoffatomen ist 

4. Antibewuchs-Anstrichmittel-Zusammensetzung mit verbesserter Glattungseigenschaft und im wesentli- 
chen bestehend aus einem Harz mit mindestens einer Seitenkette, die mindestens eine Endgruppe der 
Forme I 



35 



40 



45 



-XfO-M-R] x 

tragt, worin 

X bedeutet 



OOO o 

II II II II 

-C-, -S-, -P- oder -P: 

!i I 
O OH 



M ein Metall, ausgewahit unter Zink, Kupfer und Teilur ist; 

x eine ganze Zahl von 1 bis 2 ist; R einen organischen Saurerest bedeutet, der ausgewahit ist 
50 unter 

sos 9 



II I' , " 



-S-C-R r -O-C-R^ -O-C-Rj, -S-R r oder -O-S-R^ 

O 
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und 

Ri ein einwertiger organischer Rest ist, 

und aus einem organischen Losungsmittel, in dem das Harz loslich ist einem Pigment und 
anderen wahlweisen Zusatzmitteln. 

Zusammensetzung nach Anspruch 4, worin das Harz ausgewahlt ist unter einem Acrylharz, einem 
Polyesterharz und einem Epoxyharz. 

Zusammensetzung nach Anspruch 4, worin Ri bedeutet : 




-R s -R 6 oder -Re worin R 2 Wasserstoff Oder ein Kohlenwasserstoffrest mit 1 bis 12 Kohlenstoffatomen 
ist und R 3 und R* jeweils einen Kohlenwasserstoffrest mit 1 bis 12 Kohlenstoffatomen bedeuten, R 5 ein 
Kohlenwasserstoffrest mit 1 bis 4 Kohlenstoffatomen ist und R s ein cyclischer Kohlen wasserstoff mit 5 
bis 12 Kohlenstoffatomen ist. 

Zusammensetzung nach Anspruch 4, worin ein Antibewuchsmittel als Zusatzmittel zugesetzt ist. 
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